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Highlights of current and planned physics program



LHCb is moving to the next chapter!
qWe are currently completing our Run II 

data set and at the last stride towards 
the construction of what is essentially a 
NEW LHCb detector
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At the dawn of a new chapter!
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The LHCb Trigger
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The LHCb Upgrade Phase I
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Getting ready for the finish line!
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Calorimeter electronics



The big questions

q Baryon asymmetry of the universe
q Hierarchy Problem: We don’t understand how we get from the Planck scale 

of Energy ~1019 GeV to the Electroweak Scale ~100 GeV without “fine 
tuning” quantum corrections

q Gravity at “elementary particle level” scale
⇒Search for “new physics” answering these questions in a 

coherent manner
8

Dark matter

What is the universe made of?



Flavor physics as a probe for new 
physics

qFlavor physics = study of the interactions 
that distinguish the 3 generations of 
fermions
qIn Standard Model Yukawa couplings

qNew physics manifestations in flavor 
physics = new couplings or new forces

Tree diagram example                  Loop diagram 
example
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Flavor as a High Mass Probe

qAlready excluded ranges
q , take ci = 1 
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Leff = LSM +
ci
Λi
2 Oi

i

See: Isidori, Nir
& Perez arXiv:1002.0900; 

Ways out
1. New particles have 

large masses >>1 TeV
2. New particles have 

degenerate masses
3. Mixing angles in new 

sector are small, same 
as in SM (MFV)

4. The above already 
implies  strong 
constrains on NP  



The unitarity triangles
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Cabibbo-
Kobayashi-
Maskawa (CKM) 
Matrix

Visualization of Standard 
Model test as unitarity
triangles



The reference unitarity triangle

12

q Rb, g should 
establish the 
SM  foundation 
(tree level 
processes)

q g extracted from 
loop-level 
processes 
provides 
another SM 
check



Measuring the sides of the standard 
unitarity triangle 
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(G,dG/dq2…= |Vub|2x (Hadronic matrix element)x(known factors) 

Lattice QCD,LC sum rules,
HQE.. 

“exclusive” study a 
specific final state

q2=m2(µn)

Experimental 
observables

What 
we want 
to know

“inclusive” study an inclusive 
property of the decay (Eµ, 
Mhad,q2)

Illustration 
focused on 
Vub, change 
u➛c for Vcb.



Validation of HQE and lattice 
calculations
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LHCb measurement of the shape of the differential 
decay width in Lb➛Lcµnmsemileptonic decays & 
comparison with lattice QCD predictions [Meinel, 
Detmold & Lehner, arXiv:1504.01421] and HQET static 
approximation, more sophisticated fit to the data by 
Ligeti et al [arxiv:1808.09464] up to order L2/mc2

c2/dof=2.0/6 p-value 92%

14

See S. Ely’s talk



The angle g from tree level processes
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The standard triangle – after ~30 
years
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Looks like a triumph of the Standard Model, room for new physics at 
10%-15% level

CLEO,LEP, 
BaBar, Belle, 
LHCb
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Rare decays and generic searches for 
new physics
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Rare decays are described by an effective Hamiltonian 
expressed in terms of  an operator product expansion: 



How can we pin down new physics 
contributions?

Operator Bd,s→Xs,dµµ Bs,d→µµ B→Xs,d g
O7 √ √
O9 √
O10 √ √
OS,P √
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b➛s(d) l+l-
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VETO charmonium resonances, 
where hadronic physics makes 
things complicated 

Invariant mass 
squared = q2



B→K(*)l+l-
q Similar to K*γ, but more decay paths

q Several variables can be examined, e.g. muon forward-
backward asymmetry, AFB is well predicted in SM

q Not all the variables are equal! The never ending struggle 
to tame strong interaction effects!

20

+ new 
particles 
in loops



Branching fractions 
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Branching fractions are generally lower than theoretical expectations, SM 
predictions have uncertainties associated with hadronic effects



Angular distributions in B→K(*)l+l-
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Goal: express differential decay rate in terms of parameters that are less 
sensitive to the hadronic matrix element uncertainty ⇔ prevent NP from hiding 
under strong interaction effects 



The P’5 anomaly in the decay B➛K(*)µ+µ-
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Less sensitive to hadronic uncertainties. However precise and well defined 
uncertainty assessment needed.

  

ʹP5 =
S5

FL 1−FL( )



Exploring new modes: b→dl+l-
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Lepton universality in B➛K(*)l+l-
qStudy the double ratio

qDouble ratio ensures that 
measurement is robust against 
systematic effects

qMeasurement of control channels 

LHCb paper 2017-013

  
RJψ =

B(B0 → J/ψµ+µ− )
B(B0 → J/ψe+e− )

=1.06±0.006[stat]±0.045[sys]
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LFU violation in B➛Kl+l-
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RK =

Br(B → Kµ+µ − )
Br(B → Ke+e− )

In the first bin

Actually measured:
  RK = 0.75−0.074

+0.090 ± 0.036

Di-electron branching fraction consistent with SM



B➛K*µ+µ-/B➛K*e+e-
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Global analyses of b➛sl+l- (including LFU 
observables)

28

q LFU violation observations may be accommodated by a BSM 
violation consistent with the other b➛s l+l- tensions

q Best explanation seems to be new physics in di-muon channel via 



B→l+l-
qExcellent probes of 

new physics:
qCKM suppressed, loop 

suppressed, and 
helicity suppressed

qPowerful probes of 
new scalar and 
pseudoscalar
interactions

29



Bs➛µ+µ-

  

B(Bs → µ+µ − ) = 3.0± 0.6−0.2
+0.3( ) ×10−9

B(B0 → µ+µ − ) < 3.4×10−10 95%CL

Theoretical uncertainty ~6%
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What is next?
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Summary and outlook
q The CKM triangles are providing a wonderful validation 

of the SM, but subtle new physics effects may be still 
revealed

q Tantalizing tensions in EW penguin decays have 
surfaced

q Study of B→l+l- is broadening its scope beyond 
branching fraction measurement 

q Precise calculations of the hadronic matrix element are 
key to the success of this experimental program

q LHCb has just a vibrant program both in terms of 
physics analysis and instrumental improvement to 
pursue this exciting physics
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Summary and outlook II
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Antonio Pich at Implications of LHCb measurements 
and future prospects 



THE END
Back-up information will follow
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Upgrade II – physics case examples
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Radiative B decays
qThe branching fraction 

B(b➛sg) is consistent 
with the Standard 
Model & is a powerful 
constraint of new 
physics scenarios

qSensitive to the O7operators
qCP violation and photon 

polarization add 
sensitivity to NP
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Global fits – Angular observables and 
branching fractions
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proposed as the the most likely  explanation C9
NP

W. Altmannshofer et al EPJC 77(2017)377



Radiative B decays
qSensitive to the O7

operators
qCP violation and photon 

polarization add sensitivity 
to NP

40



Photon polarization in Bs→fg

Compatible with the SM at 2.6s
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Radiative B decays
qThe branching fraction 

B(b➛sg) is consistent 
with the Standard 
Model & is a powerful 
constraint of new 
physics scenarios

qSensitive to the O7operators
qCP violation and photon 

polarization add 
sensitivity to NP
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Photon polarization in B→K*g
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Lepton flavor violation in B ➛D(*)tn

qFirst reported by BaBar [PRL109, 101802 (2012)], 
4 more measurements by BaBar, Belle & LHCb

qCombined RD and RD* fit about 3.9s from SM 
predictions
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Lepton flavor violation in 
B ➛D*tn (t➛3p(p0)

45

LHCb-PAPER-2017-017



Current status
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B(s,d) ➛t+t-
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decay
qPresence of 2 

undetected n make this 
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qUse neural net to 
discriminate signal 
from background

   

B(Bs →τ +τ − ) < 6.8×10−3 (95%CL)

B(B0 →τ +τ − ) < 2.1×10−3 (95%CL) Assuming no contribution from the other channel

PRL 118 (2017) 251802
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Effective lifetime
q The ADG parameter modifies the 

effective lifetime of the decay:

q Not yet sensitive to ADG that provides separation between 
scalar and pseudoscalar NP 
contributions

q Good prospects for run 3&4

PRL 118(2017)191801

   

τ eff =
τ BS

1− ys
2

1+ 2AΔΓ ys + ys
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ys = τ BS
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2

  τ eff = (2.04± 0.44± 0.05) ps
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Rare charm decays
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J. Prisciandaro FPCP 2017

D0 rare decays



D0→K+K-(p+p-)µ+µ-
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Long distanceShort  distance

New!

LHCb-PAPER-2017-019

qShort distance SM branching fraction expectations highly 
suppressed
q [O(10-9)- arXiV:1101.6053]

qLong distance contributions can increase BF to O(10-6) 
[arXiV:0706.1133]

qResonances affect all dimuon invariant mass spectrum but more 
prominent in low-mass resonance regions



Results
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  D
0 →π +π −µ+µ −

  D
0 → K +K −µ+µ −

LHCb-PAPER-2017-019



D0→K+K-(p+p-)µ+µ-
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Long distanceShort  distance

New!

LHCb-PAPER-2017-019

qShort distance SM branching fraction expectations highly 
suppressed
q [O(10-9)- arXiV:1101.6053]

qLong distance contributions can increase BF to O(10-6) 
[arXiV:0706.1133]

qResonances affect all dimuon invariant mass spectrum but more 
prominent in low-mass resonance regions



Results
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  D
0 →π +π −µ+µ −

  D
0 → K +K −µ+µ −

LHCb-PAPER-2017-019



B mixing and CP violation 
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Other flavor-changing neutral current 
“tensions”
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Detmold, Lehner, Meinel: 1602.01399FNAL/MILC:1510.02349
LHCb [arXiV:1509.00414] LHCb [arXiV:1503.07138]


